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EXECUTIVE SUMMARY

The United States Environmental Protection Agency’s (U.S. EPA) recently
released “Quantitative Health Risk Assessment for Particulate Matter” provides
national estimates of premature mortality associated with fine particulate matter
pollution (PM2.5), supported by its finding that the scientific evidence shows a
causal connection between mortality and exposure to PM2.5. This report
describes the U.S. EPA’s risk assessment methodology for calculating premature
mortality, and its 2009 Integrated Science Assessment for particulate matter that
provides the underlying scientific basis for the calculations. These U.S. EPA
reports were prepared as part of U.S. EPA’s periodic review of the National
Ambient Air Quality Standards (NAAQS) for particulate matter. The U.S. EPA
risk assessment estimated premature deaths associated with PM2.5 nationwide,
and in 15 urban areas including Los Angeles and Fresno. This report applies the
U.S. EPA methodology to California on a statewide basis.

The U.S. EPA’s reports were peer reviewed in a public process by the Clean Air
Scientific Advisory Committee (CASAC) Particulate Matter Review Panel, an
independent peer review body of national scientists. The methodology described
in this report is used to quantify the premature deaths associated with current
levels of PM2.5 in California, and to estimate the premature deaths avoided by
achieving compliance with the current annual air quality standard for PM2.5.

This report also describes the method used by U.S. EPA to calculate the health
benefits of PM2.5 emission reductions from specific source categories.

The foundation of the methodology is the association between long-term PM2.5
concentrations and premature death, which is provided by peer reviewed health
studies. There are a large number of published health studies that estimate the
additional risk of mortality due to long-term exposure to PM2.5. U.S. EPA’s new
guantitative health risk assessment for particulate matter uses a 2009 study
(Krewski et al., 2009) for the core analysis. This study is an extension of a 2002
study (Pope et al., 2002) used in the previous PM2.5 NAAQS risk assessment.
This report estimates premature death from PM2.5 in California based on the
2009 Krewski study.

Using U.S. EPA’s methodology, the estimated number of annual PM2.5-related
premature deaths in California is 9,200 with an uncertainty range of 7,300 —
11,000. This estimate of premature deaths is based on the latest exposure
period in the 2009 Krewski study with data from 116 U.S. cities and about
500,000 people.



[. NATIONAL PM2.5 STANDARDS
Clean Air Act Requirements

The federal Clean Air Act (Section 109) directs the U.S. Environmental Protection
Agency (U.S. EPA) to promulgate national ambient air quality standards (NAAQS
or standards) through a process which includes review by an independent
scientific review committee. For over twenty years independent review of the
science supporting national air quality standards has been provided by the Clean
Air Scientific Advisory Committee (CASAC or scientific advisory committee). The
Clean Air Act requires U.S. EPA to review the standards every five years, and
the agency is considering whether to strengthen the standard for fine particles
(PM2.5) based on the latest scientific peer reviewed studies. This latest review
has resulted in the preparation of a series of documents on the adverse health
effects of PM2.5 which have all undergone review by the scientific advisory
committee.

U.S EPA first established air quality standards for particulate matter in 1971,
which were expressed as “total suspended particulates.” In 1987, new standards
were added to focus on the inhalable size fraction defined as PM10 (particles
less than 10 microns in diameter). As monitoring techniques further improved
and more health studies were completed, new standards were adopted in 1997
to focus on one of the smallest components of PM10, the fine particles defined
as PM2.5 (particles less than 2.5 microns in diameter). The PM2.5 standards
were reviewed and updated in 2006. The current review process builds on
previous peer reviewed studies, with emphasis on newly available studies
published through May 2009. As of June 2010, U.S. EPA’s proposed and final
rulemaking notices for the current review of the standards are scheduled for
November 2010 and July 2011, respectively (Table 1).

Table 1: History of PM2.5 Standards (ug/m 3)

Year 24-hour Standard Annual Standard
1997 65 15
2006 35 15
2010* 35-30 13-11

*Ranges considered in June 2010 Second Draft Policy Assessment.

After U.S. EPA promulgates a new or revised standard, a series of mandatory
Clean Air Act requirements are triggered beginning with the identification of areas
of the country which do not comply with the standard. Once identified, states
with such areas must prepare a plan to demonstrate how the standard will be
met by the mandatory deadlines in the Clean Air Act. The plans are called State
Implementation Plans (SIPs or plans), and they provide the enforceable
mechanism to implement air quality standards. The air quality plans developed
by California to meet Clean Air Act requirements must be approved by the

U.S. EPA, and implemented by California according to the mandatory deadlines.

2



The Clean Air Act includes sanctions if states do not comply with the
requirements for implementing the health-based air quality standards.

In addition to adopting national air quality standards, U.S. EPA also adopts
national regulations to reduce air pollution from cars, trucks, industrial facilities
and other sources of air pollution. In states with lower pollution levels, federal
regulations are often enough to show compliance with air quality standards.
However, achieving federal air quality standards in California is more challenging
than anywhere else in the nation. The Clean Air Act recognizes California’s
challenges by providing the unique authority to regulate air pollution beyond what
other states can do. As U.S. EPA and ARB adopt regulations necessary to meet
federal air quality standards, both agencies calculate the health benefits of these
actions.

U.S. EPA quantifies the nationwide benefits of achieving the PM2.5 standards,
including reduced premature mortality, as part of the economic analysis of its
regulations. The health benefits of reducing PM2.5 in California are high from a
national perspective because Californians are exposed to some of the highest
levels of PM2.5 air pollution in the country.

Nature of PM2.5 Air Pollution

PM2.5 is a mixture of multiple constituents, including both directly emitted
particles (“primary particles”) and particles that form in the atmosphere
(“secondary particles”) through chemical reactions and physical transformations.
The PM2.5 air quality standard is defined on a mass basis as measured by air
monitors. Both primary and secondary particles are captured by the monitors,
and both types of particles are regulated in order to comply with the standard.
The key sources of PM2.5 are combustion processes, although other pollution
sources also contribute. In California, air quality monitoring indicates that both
primary and secondary PM2.5 significantly contributes to non-compliance with
the PM2.5 standards.

In California, local air districts regulate PM2.5 pollution from industrial sources.
U.S EPA and ARB regulate PM2.5 emissions from mobile sources, including
both gasoline and diesel engines. Uncontrolled diesel engines emit much larger
guantities of primary PM2.5 patrticles than gasoline engines, as well as significant
amounts of nitrogen oxides (NOx) that form secondary PM2.5. The relative
contribution of PM2.5 from transportation compared to sources such as power
plants is much greater in California than nationwide. However, in order to meet
air quality standards, PM2.5 emissions from virtually all combustion sources are
regulated in California, from small engines and boilers to residential wood
burning.



California’'s PM2.5 Plans

U.S. EPA determined that the South Coast Air Basin and San Joaquin Valley
were out of compliance with the federal PM2.5 standard which triggered
mandatory development of SIPs with new regulatory strategies. In 2007-2008,
California submitted the required PM2.5 SIPs to the U.S. EPA. These region-
specific plans outline how California will attain the current annual PM2.5 standard
by 2014, and include descriptions of the types of regulations planned for
adoption. The plans for the South Coast and San Joaquin Valley Air Basins rely
on reductions in directly emitted PM2.5 as well as in pollutants that form PM2.5 in
the atmosphere.

State law gives the ARB the responsibility to ensure that SIPs meet federal
requirements, and to adopt regulations necessary to meet federal air quality
standards. This regulatory responsibility and authority applies to a number of
different types of air pollution sources including cars, trucks, construction
equipment, portable engines, recreational boats, fuels, lawn and garden
equipment, and consumer products.

California’s local air districts are responsible for development of SIPs for their
regions, and for regulating industrial and commercial sources of air pollution
located within their jurisdictions. Compared to other parts of the nation, the mix
of air pollution sources in California is less industrial so relatively more emission
reductions must be achieved through ARB regulations of mobile sources.

U.S. EPA Scientific Review Process

U.S. EPA begins the process to adopt or revise an air quality standard by
developing an Integrated Science Assessment (ISA or science assessment),
which is a comprehensive review of published scientific information. The science
assessment describes the state of the science on topics including the chemistry
and physics of the pollutant, causality determinations for health effects,
monitored air pollution data, background concentrations of pollutants, population
exposure, and other effects. The science assessment forms the scientific basis
for the review of an air quality standard. The next step is development of a
guantitative risk assessment, which builds upon the health effects evidence
presented and evaluated in the science assessment, as well as the advice of the
science advisory committee.

Over the past two years, U.S. EPA has been in the process of evaluating the
latest science on the health effects of inhalable particulate matter, including fine
particulate matter (PM2.5), as part of a review of its current air quality standards.
In December 2009, U.S. EPA released its “Integrated Science Assessment for
Particulate Matter.”* In June 2010, U.S. EPA released its “Quantitative Health

! Available at: http://www.epa.gov/ncea/pdfs/partmatt/Dec2009/PM ISA full.pdf
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Risk Assessment for Particulate Matter”? which includes nationwide estimates of

premature mortality. This new U.S. EPA risk assessment forms the basis for the
calculation of premature deaths associated with long-term exposure to PM2.5 in
California presented in this report.

Il. U.S. EPA ASSESSMENT OF PREMATURE MORTALITY FROM PM2.5
U.S. EPA Integrated Science Assessment

In December 2009, U.S. EPA released its most recent health effects review for
particulate matter, including PM2.5, which evaluated hundreds of epidemiology,
toxicology, and human exposure studies. The U.S. EPA produced two drafts of
the science assessment, which were released for public comment, and were
peer reviewed in a public process by the Clean Air Scientific Advisory
Committee. The final science assessment reflected two sets of CASAC peer
review comments.® The 2009 report builds on the two past assessments, in
1996 and 2004, which were also reviewed by CASAC.

In U.S. EPA’s 2004 report of health effects of particulate matter pollution, the
discussion of mortality and long-term exposure placed the greatest weight on the
findings of the American Cancer Society Study and Harvard Six Cities studies
which were found to be broadly representative of the U.S. population.
Collectively, these and other studies were found to provide strong evidence that
long-term exposure to PM2.5 was associated with increased risk of mortality.
Effect estimates for mortality (all cause) ranged from 6 to 13% increased risk per
10 pg/m® of PM2.5. The U.S. EPA 2009 report finds that recent evidence is
largely consistent with past studies, further supporting the evidence of
associations between long-term PM2.5 exposure and increased risk of mortality.

The 2009 science assessment discusses scientific studies linking PM2.5 to a
variety of health effects, including cardiovascular and respiratory effects. These
effects are evaluated for both short-term and long-term exposures. The
assessment also discusses the relative susceptibility of various populations to
the effects of particulate matter exposures, including the young, elderly, and
individuals with pre-existing disease. Based on recent inhalation studies,

2 Available at: http://www.epa.gov/ttn/naags/standards/pm/data/PM RA FINAL June 2010.pdf

3 Available at:
http://yosemite.epa.gov/sab/sabproduct.nsf/264cb1227d55e02c85257402007446a4/73ACCA834
AB44A10852575BD0064346B/$File/EPA-CASAC-09-008-unsigned.pdf (first draft)

http://yosemite.epa.gov/sab/sabproduct.nsf/264cb1227d55e02c85257402007446a4/151B1F83B0
23145585257678006836B9/$File/EPA-CASAC-10-001-unsigned.pdf (second draft)




potential biological mechanisms underlying the health effects of particulate
matter pollution are identified, including systemic inflammation, changes in heart
autonomic response, and changes in lung function.

A significant addition to the science assessment is a U.S. EPA framework for
evaluating the causal nature of air pollution-induced health or environmental
effects. The framework recognizes that causality determinations are based on
evaluation and synthesis of evidence from across scientific disciplines. The
science assessment discusses the types of scientific evidence used in
establishing causality, including epidemiological studies of humans, controlled
human exposure studies, and animal exposure studies.

Epidemiological studies provide information on observed associations between
health effects and human exposures to air pollution. Such studies need to
consider potential “confounding” or confusion of effects by extraneous factors
such as smoking. Controlled human exposure studies and experimental animal
data can help in understanding the biological plausibility of effects observed in
human epidemiological studies. The U.S. EPA framework identifies various
aspects to consider in a weight of evidence approach to determining causality,
including the following:

» Consistency of the observed effect in multiple independent studies
* Multiple types of evidence supporting epidemiological observations
» Biological plausibility of the observed associations

» Evidence of increasing health effects with greater exposure

» Strength and specificity of the observed association

» Evidence linking changes in exposures to changes in health effects

U.S. EPA points out that the above list of aspects to be considered is not
designed to be applied as a checklist, but rather to determine the weight of
evidence for causality determinations. In the science assessment, U.S. EPA
evaluates the results of recent relevant publications, building on the evidence
available during the previous NAAQS review, to draw conclusions on the causal
relationships between pollutant exposures and health effects. Annexes to the
integrated science assessment provide details of the literature published since
the last NAAQS review.

U.S. EPA’s framework uses the following five categories for causal
determinations:

» Causal relationship

» Likely to be a causal relationship

» Suggestive of a causal relationship

* Inadequate to infer a causal relationship
* Not likely to be a causal relationship



After making a determination on causality, the next step is to quantify health risk
based on an understanding of the quantitative relationship between pollutant
exposures and health effects.

U.S. EPA’s 2009 science assessment states “Collectively, the evidence is
sufficient to conclude that the relationship between long-term PM2.5 exposures
and mortality is causal”.* The science assessment finds when looking at cause
of death, the strongest evidence is for mortality due to cardiovascular disease.
The science assessment discusses in detail how the most recent health studies
build on the core studies evaluated in the 2004 assessment which U.S. EPA
prepared in its previous review of particulate matter standards. The 2009
science assessment discusses the findings related to premature mortality in the
most recent analyses of the American Cancer Society Study, the Harvard Six-
Cities Study, and eleven recent studies, including California-specific studies. The
new assessment discusses the nature and findings of each study, and provides
the scientific basis for selecting the best studies to use in quantifying health
effects of PM2.5 exposure, including premature mortality.

U.S. EPA PM2.5 Risk Assessment
Overview

As part of U.S. EPA’s last NAAQS review completed in 2006, the agency
conducted a risk assessment to quantify various health effects associated with
particulate matter, including premature mortality. That assessment focused on
nine urban areas and included estimates of risk of total mortality (non-
accidental), cardiovascular-related, and respiratory-related mortality. U.S. EPA’s
June 2010 Quantitative Health Risk Assessment for Particulate Matter also
includes estimates of premature mortality associated with long-term exposure to
PM2.5. The risk assessment relies on the December 2009 Integrated Science
Assessment which was peer reviewed by CASAC. The risk assessment includes
a national scale analysis as well as a case study analysis of 15 urban areas,
including Los Angeles and Fresno.

In selecting epidemiological studies for quantifying risk, U.S. EPA focused on the
two large multi-city studies used in previous assessments — the American Cancer
Society and Harvard Six Cities studies. In modeling premature mortality for long-
term PM2.5 exposure in the 15 urban areas, U.S. EPA used the latest reanalysis
of the American Cancer Society dataset (Krewski et al., 2009) for the core
analysis. The Harvard Six Cities study, which shows higher risk than other
studies, was used in sensitivity analyses designed to explore the potential range
of risk. For the national scale analysis U.S. EPA also relied on Krewski et al.

* Available at: http://www.epa.gov/ncea/pdfs/partmatt/Dec2009/PM ISA _full.pdf, page 7-96.
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(2009), with additional estimates based on the extended analysis of the Six Cities
study (Laden et al., 2006).

In addition to quantifying premature mortality from current levels of PM2.5 air
pollution, the risk assessment looks at the benefit of attaining air quality
standards. As part of the NAAQS review process, U.S. EPA also quantifies the
potential benefits of alternative standards which are under consideration. This
ARB report focuses on one aspect of the risk assessment — the estimates of
premature mortality associated with long-term exposure to PM2.5. While

U.S. EPA’s integrated science assessment made causal determinations for both
short-term and long-term exposures to PM2.5, the risk assessment points out
that mortality associated with long-term exposure is likely to include mortality
related to short-term exposures. This ARB report therefore focuses on

U.S. EPA’s quantification of premature mortality associated with long-term
exposures.

In the risk assessment process, U.S. EPA used the following criteria for selecting
health effects to include:

« Weight of evidence regarding causality

- Significance of the health effect

« Availability of well-conducted epidemiological studies that provide
concentration-response functions

« Availability of sufficient air quality monitoring data in the areas included in
the epidemiological studies

« Availability of baseline incidence rates for the selected health effects for
NAAQS decision-making

Based on these criteria, U.S. EPA selected four categories of premature mortality
for quantification for long-term PM2.5 exposure: all-cause mortality, ischemic
heart disease-related, cardiopulmonary-related, and lung cancer-related.

CASAC peer reviewed two drafts of the particulate matter NAAQS risk
assessment. The panel supported the methodology adopted and the categories
selected. U.S. EPA also applied the above criteria to health effects other than
premature mortality, some of which were quantified, but these endpoints are not
discussed in this report.

The key elements of the PM2.5 risk assessment are an exposure assessment
based on air quality data, the PM2.5 concentration response function from
epidemiological studies, baseline health incidence information, and population in
the study area. A concentration-response function (C-R function) is a
mathematical equation that describes the relationship between exposure, in this
case long-term exposure to PM2.5, and a health outcome, in this case, mortality.
The C-R function expresses the relative risk of mortality associated with an
incremental change in PM2.5 concentration.



U.S. EPA Selection of Core Studies

U.S. EPA has quantified the health impacts of particulate matter exposure using
epidemiological studies since 1997, using the results from two U.S. studies, the
American Cancer Society study and the Harvard Six Cities study, as the basis for
the first annual-average NAAQS for PM2.5. Updated and extended follow-ups of
these two studies have produced results that are consistent with the original
papers, but with improved statistical methods.

The ACS prospective cohort study (Pope et al., 2002) was used in the particulate
matter risk assessment that was part of the 2006 review of the PM standards. In
its latest risk assessment, U.S. EPA selected an extension of this study, Krewski
et al. (2009), as the primary basis for estimating premature mortality associated
with long-term exposure to PM2.5. The ACS data set has consistently been
selected for estimating premature mortality related to long-term exposure to
PM2.5 because of the large study population and the study’s national coverage.

U.S. EPA cited a number of advantages of this study as the basis for the
concentration-response functions used in the core analysis, including:

» Additional air quality analysis extending the study period to eighteen years

* Rigorous examination of a range of model forms and effect estimates

» Coverage for social, economic, and demographic variables to allow for
consideration of potential confounding

» Arelated analysis considering spatial gradients in PM2.5 concentration
and whether they effect response models

* A large data set with up to about 500,000 individuals and 116 metropolitan
statistical areas.

In addition to the ACS and Harvard Six Cities studies, U.S. EPA considered a
number of other studies as candidates for the core PM2.5 premature mortality
analysis, and the risk assessment provides a brief summary of the rationale for
not selecting other studies.® The types of limitations discussed include use of
visibility data to estimate PM2.5 levels, lack of baseline incidence data
necessary for quantitative analysis, and lack of confounder control for smoking.

Figure 1 (U.S. EPA, 2009) shows the relative risks (RR), shown as solid circles,
and the 95% confidence intervals, shown as the horizontal lines through the
circles, from U.S. multi-city studies examining the association between long-term
exposure to PM2.5 and cardiovascular and respiratory effects, and mortality.
The RR represents the percentage change in risk of the stated health endpoint
with a 10 pg/m?® change in the annual average PM2.5 concentration. The 95%

® Available at: http://www.epa.gov/ttn/naags/standards/pm/data/PM _RA FINAL June 2010.pdf,
page 3-38.




confidence interval provides a range within which the true value is expected to be
found. The vertical dashed line represents a no effect level (RR=1). Relative
risks greater than 1 suggest an effect, although for a relative risk to be
statistically significant, the 95% confidence interval must not include 1.

Figure 1: Summary of effect estimates (per 10 pg/m
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As can be seen in Figure 1, virtually all of the relative risks are greater than 1,
pointing to an effect of long-term exposure to PM2.5 on mortality. In some cases
the 95% confidence intervals surrounding these relative risks include 1, and so
not all of these associations are statistically significant. There are several
reasons that could explain why not all of the relative risks shown are statistically
significant. In some cases, the study may not have sufficient statistical power
due to the number of participants, and/or to the number of cities included. In
other cases there may be less than optimal consideration of and adjustment of
the statistical models used to account for factors that are related to the endpoint
under study yet have no relationship with PM2.5 exposure. These factors are
called confounders, and a few examples include age, income, and educational
attainment. However, overall, the summary of available U.S. studies presented

in this figure points to the conclusion that long-term exposure to PM2.5 is
associated with mortality.

History of Key Health Studies

The American Cancer Society initiated the Cancer Prevention Study Il (CPS-II)
cohort of subjects in 1982 to study the influence of environmental tobacco smoke
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exposure on lung cancer. There are about 1.2 million people enrolled in this
cohort, although air quality data are available for only about 300,000 or 500,000,
depending on the published study.

This well-characterized cohort of subjects provided the opportunity for the
relationship between long-term PM2.5 exposure and mortality to be explored
(Pope et al., 1995). The investigators estimated PM2.5 exposure for the portion
of the cohort that lived in 50 metropolitan areas included in the U.S. EPA
Inhalable Particulate Network of air quality monitors. Participants were at least
30 years of age and lived in households where at least one individual was 45
years of age or older. Mean age at enrollment was 56.6 years and participants
lived in all 50 states, the District of Columbia, and Puerto Rico. Each participant
completed an extensive questionnaire at enrollment that included age, gender,
weight, height, demographic characteristics, medical history, medication use,
occupational exposures, dietary habits, alcohol and tobacco use, and exercise
and health-related behaviors. There have been no updates to the questionnaires
during the follow-up period, although information on deaths of participants was
periodically updated for follow-up analyses. The study compared the risk of
death between metropolitan areas, but did not examine risk over time.
Information from approximately 300,000 individuals was included in the first
publication describing this cohort (Pope et al., 1995).

The original ACS study (Pope et al., 1995) was extensively reanalyzed by
Krewski et al. (2000), which was coordinated by the Health Effects Institute (HEI).
This reanalysis validated and replicated the original findings reported by Pope et
al. (1995). In addition, the Krewski et al. (2000) reanalysis included a number of
additional exploratory analyses that identified and addressed issues related to
spati